This study investigated temporal variations in the potential maximum quantum yield of photosystem II (F v /F m ratio) and growth-phase dependent cellular protein expressions of Chattonella antiqua under laboratory conditions. Despite the culture conditions, significant positive correlations between the F v /F m ratio and daily growth rate were observed. Threshold F v /F m ratios associated with positive cell growth were calculated to be >0:44, >0:44, and >0:37, and those associated with active cell growth (growth rate >0:5 div. d À1 ) were >0:58, >0:60, and >0:49 under control culture, low nutrient and intense light conditions, respectively. Proteome profiles obtained by two-dimensional gel electrophoresis (2-DE) indicated that 42 protein spots were differentially expressed at various growth phases of C. antiqua, which indicates changes in cellular physiological status throughout the growth cycle, and suggests that oxygen evolving enhancer 1 and 2-cysteine peroxiredoxin play roles in maintaining the positive growth of C. antiqua.
The raphidophyte Chattonella antiqua (Hada) Ono is a harmful algal bloom (HAB) species that frequently forms blooms lasting several weeks or more and causes serious fishery damage during the middle of the summer in the coastal waters of western Japan. [1] [2] [3] [4] Consequently, numerous studies have been done to understand better how environmental factors influence its growth and toxicity to cultured fish, in order to improve the ability to predict the occurrence of HABs and to reduce their economic impact on fisheries. [5] [6] [7] [8] However, since many environmental factors influence the growth and bloom formation of C. antiqua, sometimes it is difficult to predict the wax and wane of the bloom solely from environmental information. Hence, the parameters, which can reflect integrated effects of environmental factors on algal growth, are useful and necessary to evaluate growth potential of C. antiqua.
C. antiqua has been suggested to exhibit stagespecific negative impacts during bloom development and demise. For example, after reaching the warning level (about 100 cells mL À1 ) during the development stage, blooms of C. antiqua are capable of causing mortality in cultured fish such as yellowtail. 3, 4, 9) The quantity and composition of the toxin produced by C. antiqua cells also varies with age and growth stage. 7, 8) During the demise stage, the decomposition of senescent C. antiqua cells is thought to increase the dissolved oxygen consumption rate and thereby contribute to the development of a severely hypoxic water mass, leading to mass mortality of clams. 1) Correspondingly, the physiological status and eventually growth potential of C. antiqua is thought to be altered by various environmental and intracellular stresses during development and demise of a bloom. For example, since algae must consume nutrients such as inorganic nitrogen and phosphorous in order to grow, they can be severely stressed by depletion of nutrients after bloom formation. In addition, Chattonella species isolated from Australia and Japan have been reported to y To whom correspondence should be addressed. Tel/Fax: +81-92-642-2906; E-mail: simasaki@agr.kyushu-u.ac.jp Abbreviations: 2-DE, two-dimensional gel electrophoresis; 2-Cys Prx, 2-cysteine peroxiredoxin; ATP synthase, ATP synthase CF 1 beta subunit; GAPDH, glyceraldehyde-3-phosphate dehydrogenase; OEE 1, oxygen-evolving enhancer 1; Rubisco, ribulose-1,5-bisphosphate carboxylase/ oxygenase small subunit suffer photoinhibition under the light intensity of >1;000 mmol photons m À2 s À1 , which is normally observed in surface seawater in the environment. 10) On the other hand, variations in superoxide and hydrogen peroxide levels have been observed during different growth phases of C. antiqua, which suggests that there are variable degrees of potential oxidative stress during the growth cycle. 8, 11) Therefore, an evaluation of physiological changes during growth in C. antiqua should not only provide insight into the mechanisms controlling algal blooms, but can also inform the development of strategies to mitigate the damage to fisheries and the coastal environment. 3, 12) The use of chlorophyll a fluorescence measurements to estimate photosynthetic performance and stress in algae is now widespread in physiological studies. [13] [14] [15] The potential maximum quantum yield of photosystem II (PS II, expressed as the F v /F m ratio) reflects the photochemical efficiency of PS II, which is directly related to cell productivity and growth. Hence this parameter has been used to predict the growth of algal cells. 16) On the other hand, since proteomics is useful in searching for molecular indicators reflecting various environmental stresses and has important roles in helping to uncover the pathways behind cellular process, this technique has been used in many studies of marine fishes 17) and invertebrates. 18) Although this approach remains limited by technical challenges, especially as to protein identification, due to a dearth of gene sequence data for many HAB species, 19) two-dimensional gel electrophoresis (2-DE) is now used to compare the proteomes of selected HAB species under a range of conditions. [20] [21] [22] It has been suggested that correlating the changes in protein expression levels with physiological studies has the potential to uncover the molecular mechanisms involved in the initiation and decline of algal blooms, 20) but proteomic studies on C. antiqua are completely lacking and little is known about changes in physiological status during growth and bloom formation.
The aim of this study was to investigate the utility of the F v /F m ratio in evaluating the growth potential of C. antiqua and to search for molecular indicators reflecting its physiological status by differentially expressed protein profiles under laboratory conditions. Simultaneously, proteomic techniques should make it is possible to garner important information on the roles of proteins in various metabolic pathways, which are useful in uncovering the molecular mechanisms involved in the initiation and decline of C. antiqua blooms.
Materials and Methods
Strain and culture conditions. An axenic strain of C. antiqua (NIES-1) was obtained from the National Institute of Environmental Studies (NIES, Japan). Cultures under different conditions were prepared as follows: (i) under the control culture (C-culture) conditions, alga was grown at 25 C under 230 AE 30 mmol photons m À2 s À1 of cool-white fluorescent illumination (NEC, Tokyo, Japan) at a 12 h light: 12 h dark cycle using the modified sea water medium-3 (SWM-3, pH 7.8, salinity 30); 23) (ii) under the low-nutrient culture (LN-culture) conditions, alga was grown under the same conditions as for the C-control, except that the SWM-3 medium was diluted to 10% (v/v) using antiseptic sea water; (iii) under the intense light culture (IL-culture) conditions, alga was grown under the same conditions as for the C-control, except that the light intensity was 1;000 AE 30 mmol photons m À2 s À1 . Light for the IL-culture treatment was from lightemitting diode (LED, Toshiba, Kanagawa, Japan) in place of fluorescent lamps to avoid raising the water temperature. Irradiance was measured using a Quantum Scalar Laboratory Irradiance Sensor (QSL-2101, Biospherical Instruments, San Diego, CA). C. antiqua was held at the exponential growth phase under each culture condition for approximately 1 month prior to experimentation.
F v /F m measurements during algal growth under the various culture conditions. C. antiqua cells under the various culture conditions were grown in 260-mL sterilized flasks containing 160 mL of medium at an initial cell density of 1 Â 10 3 cells mL À1 , with three replicate flasks for each treatment. Cell densities and the F v /F m ratio were determined between 10:00 (4 h after the start of the photoperiod) and 10:30 AM daily during cultivation. Cell numbers in 100-mL subsamples were counted under a light microscope, and growth rates (div. d À1 ) during the exponential growth phase were calculated by the method of Guillard.
24) Cells of C. antiqua in 2-mL subsamples were used to determine the dark-adapted F v /F m ratio. Briefly, when cells are kept in dark, the primary quinone electron acceptor of PS II (Q A ) becomes maximally oxidized, and exposure of these dark-adapted cells to a weak modulated measuring beam results in the minimal level of fluorescence (F 0 ); if these cells are subsequently exposed to a short actinic pulse of high photosynthetically active photon flux density, Q A will be maximally reduced and the maximal fluorescence (F m ) is observed. 14) Hence, to determine the F v /F m ratio, cell suspension were kept in the dark for at least 30 min prior to assay with a Xe-PAM fluorometer (H. Walz, Effeltrich, Germany). To measure F 0 , Xe flashes (2 Hz) were passed through a BG 39 blue-glass filter and neutral density filters (e.g., 5%). F m was induced by applying a pulse (900 ms) of saturating white light (about 8,000 mmol m À1 s À1 ), provided by a halogen light source. The variable fluorescence (F v ) was determined as
Sample collection for growth phase-dependent protein expression analysis under C-culture conditions. Culture experiments to represent the three growth phases were conducted in 12 flasks (260-mL) under C-culture conditions. In this study, the exponential phase of growth was defined as the period during which the logarithms of cell densities are a linear function of time, the early stationary phase as the period from just after the exponential phase to the day when the average cell density is maximum, and the late stationary phase as the period from the end of the early stationary phase until a rapid decrease in cell density is observed (Fig. 1a) . Cell densities were constantly monitored, and cultures in four random flasks were collected on days 4, 9, and 20 as representative of the exponential phase, the early stationary phase, and the late stationary phase respectively. The cells of C. antiqua in each flask were harvested separately by centrifugation at 670 Â g at 25 C for 10 min, and the cell pellets were stored at À80 C until protein extraction.
Protein extraction and 2-DE. With a microtip-probe sonifier (Branson Ultrasonics, Danbury, CT) cell pellets were lysed in 5 mL of extraction buffer (7 M urea, 2 M thiourea, 4% w/v CHAPS, 5 mM magnesium acetate) on ice, and the resulting homogenate was centrifuged at 10;000 Â g at 4 C for 10 min. The supernatant was transferred to a fresh conical tube containing 20 mL of cold acetone (À20 C) and was maintained at À20 C for at least 2 h, after which the mixture was centrifuged at 10;000 Â g at 4 C for 10 min. Subsequently, repeated suspensions in cold acetone and centrifugations were done for three times to remove substances that might interfere with the first dimension (isoelectric focusing) of electrophoresis. The resulting protein pellet was dried at room temperature and dissolved in 0.5 mL of urea buffer (7 M urea, 2 M thiourea, 4% w/v CHAPS, 2% w/v DTT, and trace amounts of bromophenol blue) by vortex mixing and sonication.
The protein concentration of each sample was measured with a BCAÔ Protein Assay Kit (Pierce, Rockford, IL). Exactly 1 mg of proteins (350 mL) with 1.75 mL of IPG buffer (pH 4-7, GE Healthcare, Uppsala, Sweden) was loaded on each IPG strip (pH 4-7, 18 cm, GE Healthcare). After rehydration for 10 h at 20 C, isoelectric focusing (IEF) was performed with an Ettan IPGphor 3 system (GE Healthcare) by the following program at 20 C: 500 V for 4 h, 500-1,000 V for 1 h, 1,000-8,000 V for 2 h, and 8,000 V for 7 h. The focused IPG strips were equilibrated in equilibration buffer (6 M urea, 30% w/v glycerol, 2% w/v SDS, 50 mM Tris-HCl, and a trace of bromophenol blue, pH 8.8) supplemented with 130 mM DTT for 10 min, and subsequently equilibrated with the same buffer, but containing 135 mM iodoacetamide (instead of DTT) for 10 min. For second-dimension electrophoresis, the equilibrated strips were loaded onto 12% SDS-polyacrylamide gels (20 Â 20 cm). The gels were run in a Protean II xi 2-D system (Bio-Rad, Hercules, CA) at 25 mA for 1.5 h and 35 mA per gel until the front dye reached the bottom of the gel at 10 C.
Image capture and protein abundance analysis. The 2-DE gels were fixed in 10% w/w acetic acid and 40% w/w methanol for more than 2 h and stained for 3 h using Flamingo gel stain solution (Bio-Rad). The stained gels were scanned at a resolution of 100 dots cm À1 by a molecular imager FX system (Bio-Rad). Analysis of the gel images was done using ProteomweaverÔ 2-D analysis software version 4.0 (Bio-Rad). Cells from each growth phase were analyzed with four replicate gels and protein spots, and the relative protein abundance in each spot was analyzed by automated routines of the software with manual editing to remove artifacts.
N-Terminal amino acid sequencing and homology search. Since there is no genome data base for C. antiqua, protein identification was done by N-terminal amino acid sequencing. Proteins separated by the 2-DE gels were electrotransferred onto PVDF membranes (Bio-Red) with a semi-dry transblot apparatus (ATTO, Tokyo, Japan). The PVDF membrane-bound proteins were visualized by staining with 0.1% w/v amido black in 45% v/v methanol for 10 min, and destained in distilled water. Selected protein spots were excised and subjected to N-terminal amino acid sequencing in a PSQ-1 protein sequencer (Shimadzu, Kyoto, Japan). The sequences were searched against NCBI-BLAST (http://www.ncbi.nlm.nih.gov/protein/) to find homologous proteins.
Statistical analysis. The relationships between the F v /F m ratio and the daily growth rate of C. antiqua grown under various culture conditions were analyzed by simple linear regression. After checking the homogeneity of variance, differences in relative protein abundance across the three growth phases under C-culture conditions were tested by one-way analysis of variance (1-way ANOVA) followed by the post-hoc Tukey test. These statistical analyses were conducted using Statistical Package for the Social Sciences software (SPSS 13.0; SPSS, Chicago, IL).
Results

Relationships between cell growth and variations in the F v /F m ratio under various culture conditions
Starting from a density of 1 Â 10 3 cells mL À1 under the C-culture conditions, C. antiqua cells began to grow well from day 2 and reached a maximum cell density of approximately 3:9 Â 10 4 cells mL À1 on day 15. The F v / F m ratio varied from 0.58 to 0.70 during the exponential phase (0:93 AE 0:02 div. d À1 ), varied from 0.46 to 0.56 during the early stationary phase, decreased sharply (from 0.55 to 0.16) during the late stationary phase prior to rapid cell death, and then increased slightly during the decline phase (Fig. 1a) . Compared with the C-culture conditions, C. antiqua cells grown under the LN-culture conditions exhibited a lower growth rate at the exponential phase (0:73 AE 0:03 div. d À1 ) and a lower maximum cell density (7:2 Â 10 3 cells mL À1 ), while those grown under the IL-culture conditions exhibited a similar growth rate at the exponential phase (0:98 AE 0:05 div. d À1 ) but a lower maximum cell density (1:7 Â 10 4 cells mL À1 ) and a shorter culture duration (18 d) (Fig. 1b and c) . However, the relative pattern of variation in the F v /F m ratio during growth was similar for all three groups, with values peaking during the exponential phase, decreasing during the late stationary phase, and then increasing somewhat during the decline phase (Fig. 1) . Despite being grown under different culture conditions, significant positive correlations between the F v /F m ratio and the daily growth rate were observed from the exponential to the early stationary phase (Fig. 2) . The threshold values for the F v /F m ratio C. antiqua cells were inoculated into 160 mL medium at a final cell density of 1 Â 10 3 cells mL À1 and cultured under the conditions described in 'Materials and Methods.' Different growth phases are indicated by arrows: LP, lag phase; EP, exponential phase; ESP, early stationary phase; LSP, late stationary phase; DP, decline phase. Data are means AE SD of triplicate measurements, but in most cases the error bars are so small that they are obscured by the symbols. Daily growth rate for each group were calculated based on the change in cell density at each data point in Fig. 1a-c , and the growth rate on day i ( i , div. d À1 ) was calculated by the equation i ¼ fln½N ðiþ1Þ À ln½N i g= ln 2, where N ðiþ1Þ and N i are the cell densities on days (i þ 1) and i respectively. The R value indicates Pearson's correlation coefficient and the p value indicates significance of correlation. associated with positive cell growth were calculated to be >0:44, >0:44, and >0:37, and those associated with active cell growth (daily growth rate >0:5 div. d À1 ) were at >0:58, >0:60, and >0:49, when C. antiqua was grown under C-culture, LN-culture and IL-culture conditions respectively (based on linear regression, Fig. 2 ).
General overview of proteomic profiles under the C-culture conditions
A total of 131 protein spots were excised from the fluorescent stained gels. The 2-DE protein profiles shared a majority of common protein spots across the three growth phases of C. antiqua grown under the Cculture conditions (Fig. 3) . The abundance of 42 protein spots changed significantly across the three growth phases. Comparing relative protein abundances at the exponential growth phase with those at the two other growth phases, more protein spots changed at the late stationary phase than the early stationary phase, and three protein spots (Fig. 3c, spots LS 1-3) were uniquely expressed at the late stationary phase ( 
Identification of proteins and their expression levels
The N-terminal amino acid sequences of the protein spots sequenced successfully are given in Table 2 , and the expression levels of the identified proteins are shown in Fig. 4 . Proteins oxygen-evolving enhancer 1 (spot 60, OEE 1) and 2-cysteine peroxiredoxin (spot 68, 2-Cys Prx) were expressed at significantly lower levels at the late stationary phase (p < 0:05). However, protein GAPDH (spot 34) was expressed at the lowest level at the exponential phase (p < 0:05). There were no significant differences in the expression levels of ATP synthase CF1 beta subunit (spot 20, ATP synthase) and ribulose-1,5-bisphosphate carboxylase/oxygenase small subunits (spots 91 and 94, Rubisco) across the three growth phases of C. antiqua.
Discussion
It has been suggested that parameters based on measurement of the chlorophyll fluorescence of phytoplankton varies markedly depending on culture conditions and culture age, 13) and that the relationship between these parameters and cell growth show distinct differences between species. 25) In the present study, despite being grown under various culture conditions, the changes in cell numbers of C. antiqua were accompanied by changes in the F v /F m ratio (Fig. 1) . A similar result has been reported for the growth of the green alga Haematococcus pluvialis, for which the F v / F m ratio rose during the exponential phase and then declined during the stationary phase. 16) Since many environmental factors influence the growth and bloom formation of C. antiqua, we conducted cultivation of C. antiqua under various light and nutrient conditions, which are major environmental factors affecting algal cell growth, 5) to determine whether a positive relation between growth and the F v /F m ratio is maintained under these conditions. Changes in both light intensity and nutrient levels were associated with changes in the F v / F m ratio for C. antiqua, indicating that these factors affected the F v /F m values. C. antiqua cells grown under C-culture and LN-culture conditions exhibited almost the same threshold values for the F v /F m ratio which are associated with positive and active cell growth. Although C. antiqua cells grown under IL-culture conditions exhibited lower threshold values for the F v /F m ratio, which are associated with positive cell growth and active cell growth, these lower F v /F m ratios reflected temporal and reversible photoinhibition in the photosystem by intense light, and recovered almost to the same level as those grown under C-culture condition within three hours after the light intensity was reduced to less than 200 mmol photons m À2 s À1 (Shimasaki et al. unpublished results). Thus, our results indicate that the F v /F m ratio, which reflects an integrated effect of environmental factors on cells, provides a cursory but important and almost real-time indicator to evaluate the growth potential of C. antiqua blooms. That is, a C. antiqua population with F v /F m ratio of >0:44 has the potential to grow positively, and one with F v /F m ratio of >0:60 has the potential to grow well and to form a bloom in the following several days.
The F v /F m ratio of C. antiqua increased somewhat during the decline phase of culture (especially under LN-culture and IL-culture conditions, Fig. 1b and c) .
Although the mechanism of increasing in the F v /F m ratio is not clear, a relatively high F v /F m ratio was also observed during the decline phase in cultures of the dinoflagellates Karenia mikimotoi and K. brevis, which might be associated with the presence of photosynthetically non-functional (dead) cells. 26) On the other hand, appearance of cell detritus during the decline phase might also influence measurement of the F v /F m ratio and make a test difficult. 27) Furthermore, several recent studies also have thrown doubt on the utility of the F v / F m ratio as a robust indicator of physiological status in phytoplankton, especially for species acclimated to nutrient limitations 28, 29) and for a mixed phytoplankton population. 25) Therefore, in order to reflect accurate physiological status of C. antiqua in the field, the F v /F m ratio should be calibrated with other key performance indicators of algal cell activity, 14) as well as environmental conditions such as nutrient levels and light intensity.
Since cellular proteins are the actual machinery that brings about cell growth, proliferation, and homeostasis, phase-specific protein expression levels have been used to elucidate the physiological status of the dinoflagellate Prorocentrum triestinum.
20) The present study is the first attempt to analyze the protein profiles of C. antiqua, and the results indicate that the growth phases of C. antiqua are associated with changes in the relative abundance of differentially expressed proteins. By combined monitoring of the expression levels of certain proteins such as identified proteins (OEE 1, 2-Cys Prx, and GAPDH, Table 2 and Fig. 4) and appearance of the phase-specific proteins (Fig. 4) , variations in the physiological status of C. antiqua can be detected.
The expression level of protein OEE 1, which is encoded by the nuclear PsbO gene in all photosynthetic eukaryotes, 30) decreased significantly during the late stationary phase (Fig. 4) . This is consistent with the observation that the expression of PsbO is dependent on the development in young seedlings of the higher plant Arabidopsis thaliana. 31) As part of the oxygen evolving complex of PS II, OEE 1 plays a critical role in stabilizing the PS II core center and in the watersplitting reaction. 32) In the green alga Chlamydomonas reinhardtii, the absence of OEE 1 leads to a loss of photoautotrophic growth and the ability to assemble Spots (spot numbers are given in Fig. 3 and Table 2 ) at Different Growth Phases. Data are means AE SD for four replicates. Different lower-case letter superscripts in a column (a or b) indicate a significant difference in the expression levels of the proteins across different growth phases (p < 0:05), but the same letter means no significant difference between growth phases. functional PS II reaction centers, 33) but photosynthetic competence can be restored by the introduction of OEE 1 genes into the deficient strain. 34) In the cyanobacterium Synechocystis PCC 6803, although the absence of OEE 1 does not prevent photoautotrophy or the assembly of PS II, OEE 1-less mutants grow more slowly than the wild type in complete medium, 35) and have lower tolerance to high light intensity, 36) high temperature, 37) and nutrient limitation. 38) Hence, it is reasonable to hypothesize that the observed decrease in OEE 1 expression in C. antiqua cells reduces their photosynthetic activity and tolerance of unsuitable growth conditions (e.g., notable decreases in the phosphorus concentration) during the late stationary phase, and may play a role in subsequent rapid cell death at the decline phase.
C. antiqua is known to produce high levels of hydrogen peroxide (H 2 O 2 ) during growth, but little is known about its H 2 O 2 -scavenging systems. 8, 9, 11) This is the first report of the presence of 2-Cys Prx (Fig. 3 , spot 68) in C. antiqua cells. The antioxidant function of 2-Cys Prx in photosynthetic organisms has been investigated in the higher plants 39) and cyanobacteria. 40, 41) Expression of the 2-Cys Prx genes is under developmental control, and steady-state mRNA levels decrease with tissue age in barley, 42) Arabidopsis thaliana, 43) and Riccia fluitans.
44) The decrease in the expression of 2-Cys Prx during the late stationary phase in C. antiqua (Fig. 4) is consistent with these observations. In cyanobacteria, a mutant strain of Synechocystis 6803 lacking 2-Cys Prx exhibits a lower F v /F m ratio and growth rate under high light intensity as compared to wild-type cells. 40) Furthermore, eukaryotic 2-Cys Prx not only acts as an antioxidant, 45 ) but also appears to regulate H 2 O 2 -mediated signal transduction. 46, 47) It has been reported that 2-Cys Prx acted as peroxide 'floodgate' in eukaryotes: large amounts of 2-Cys Prx can block peroxide signaling and isolate peroxides from susceptible targets, and opening of the 'floodgate' through over-oxidation occurs during signaling events, leading to cellular apoptosis. 47) A more recent study suggested that catalase might play an important protective role against H 2 O 2 only during exponential growth in C. antiqua, and that other antioxidant pathways probably play a larger role in scavenging H 2 O 2 during later growth.
11) Because C. antiqua stores and releases small amounts of H 2 O 2 throughout normal growth 8) and there are no significant differences in total H 2 O 2 between the different growth phases, 11) the consistently elevated expression of 2-Cys Prx during the exponential and early stationary phases might play an important role in maintaining positive growth. Conversely, during the later stationary phase, intracellular H 2 O 2 accumulation and a significant decrease in 2-Cys Prx expression probably lead to subsequent rapid cell death in C. antiqua.
Protein GAPDH has significantly higher expression levels at the stationary phase (Fig. 4) . A BLAST search suggested that GAPDH is a precursor to chromalveolate plastidic enzyme, a reduced form of nicotinamide adenine dinucleotide-dependent GAPDH, which presumably is involved in both glycolysis and the Calvin cycle. 48) In addition, the expression level of Rubisco small subunit, another key enzyme involved in the Calvin cycle, was independent of the growth phase of C. antiqua. These results are in accord with the conclusion that in higher plants the expression levels of Rubisco have little impact on photosynthetic capacity under a wide range of conditions. 49) Furthermore, our results also conform that algal Calvin cycle enzymes are tolerant of oxidative attack by H 2 O 2 . 45) In summary, our results suggest that the F v /F m ratios can rapidly provide a threshold value to evaluate the growth potential of a C. antiqua population, and specific protein (or gene) expression can be used as a complementary indicator of cellular physiological status at different growth phases by the development of a simplified method to measure expression level of target protein or gene (e.g., enzyme-linked immunosorbent assay or real-time quantitative PCR). Thus, combined monitoring of the two parameters can provide useful information about the growth dynamics of C. antiqua, which is critical in establishing countermeasures to reduce the negative impacts of a bloom.
3) Furthermore, reduced expression of OEE 1 and 2-Cys Prx probably play large roles in subsequent rapid cell death associated with changes in other conditions. Only about 10% of the differentially expressed proteins were identified due to the paucity of sequence data available for raphidophytes. Presumably, these many proteins are involved in a broad range of complex mechanisms for adaptation to various stresses (e.g., nutrient limitation and photoinhibition) during the growth of C. antiqua. A more detailed analysis of the differential synthesis of proteins at various stages is critical to understand the molecular mechanisms that underlie the physiological changes in C. antiqua blooms.
